Abstract. Lymph node metastasis is considered to be a significant prognostic factor for early gastric cancer (EGC). However, no real consensus exists on which patient and/ or tumor characteristics are associated with lymph node metastasis. We investigated whether stromal cell-derived factor (SDF)-1α expression correlates with lymph node metastasis in patients with EGC by immunohistochemically examining the expression of SDF-1α in 138 archival tissue specimens of EGC. Of these specimens, 59 (42.8%) and 79 (57.2%) were grouped into SDF-1α-positive and SDF-1α-negative groups, respectively. No significant differences existed with respect to age, gender, tumor location, proportion of tumors >20 mm in size, macroscopic type, depth of invasion or histology between the SDF-1α-positive and -negative groups. However, the SDF-1α-positive group was significantly correlated with lymphovascular invasion and lymph node metastasis. Results of the univariate analyses indicated that lymphovascular invasion, undifferentiated histology and SDF-1α positivity were statistically significant risk factors affecting lymph node metastasis in patients with EGC. Multivariate analyses showed that lymphovascular invasion [hazard ratio (HR), 8.595; 95% confidence interval (CI), 1.694-43.595; P=0.009], undifferentiated histology (HR, 2.965; 95% CI, 1.037-8.471; P=0.043) and SDF-1α positivity (HR, 2.108; 95% CI, 1.316-10.135; P=0.013) were independent risk factors predicting lymph node metastasis in EGC. In conclusion, these results suggest that SDF-1α expression in tumor cells is a predictive marker of lymph node metastasis in EGC.
Introduction
Early gastric cancer (EGC) is defined as adenocarcinoma localized to the mucosa or the submucosa, irrespective of lymph node metastasis (1) . The incidence of EGC has increased due to mass screening and advances in diagnostic technology. In Korea, EGC increased from 29% in 1995 to 33% in 1999. This trend was more prominent in Japan, where EGC represents more than 50% of all gastric cancers (2) (3) (4) . While the prognosis for surgically treated EGC is generally excellent, with five-year survival greater than 90%, patients with lymph node metastasis have lower survival rates than those without metastasis (4) (5) (6) (7) (8) . Accurate prediction of lymph node involvement is of crucial significance for appropriate curative treatment planning. Lymph node-negative EGC patients may be curatively treated with minimally invasive endoscopic mucosal resection or endoscopic submucosal dissection, whereas lymph nodepositive patients should undergo gastrectomy with lymph node dissection (9) (10) (11) . Gastrectomy is associated with a high morbidity and mortality, and postoperative quality of life may be impaired by weight loss, loss of appetite and other metabolic and nutritional changes. This aggressive surgical approach should be reserved only for EGC patients at high risk of lymph node metastasis (9) . Therefore, clarification of the biological features of EGC with lymph node metastasis may aid in the identification of a high-risk group of patients, and assist in planning a strategy for their treatment.
Stromal cell-derived factor (SDF)-1α, also known as CXCL12, is a small, cytokine-like protein that regulates leukocyte trafficking to appropriate organs and maintains normal immune system function. However, in addition to its role in the immune system, it is now clear that SDF-1α is expressed in a number of distinct types of normal and cancerous tissues, and that SDF-1α has significant functions in development, proliferation, angiogenesis and motility (12, 13) . It has also Expression of stromal cell-derived factor-1α is an independent risk factor for lymph node metastasis in early gastric cancer been reported that this chemokine and its receptor, CXCR4, are involved in tumor progression and metastasis (13) (14) (15) (16) .
In the case of gastric cancer, SDF-1α expression in primary cancers was reported to be an independent prognostic factor among patients with cancers at various stages, suggesting a role as a biological marker (17, 18) . Thus, it is possible that there may be a correlation between SDF-1α expression and lymph node metastasis in patients with EGC.
Patients and methods
Patients and tumor samples. This study used tissue samples from 138 consecutive patients with EGC undergoing surgical resection at Chungnam National University Hospital, Daejeon, Korea, between 2001 and 2003. The patients had histologically confirmed adenocarcinoma of the stomach. All patients signed informed consent for therapy as well as for subsequent tissue studies, which had received prior approval by an institutional review board. Clinicopathological characteristics at the time of surgery were assessed using the general rules established by the Japanese Gastric Cancer Association (19) .
Immunohistochemical staining of SDF-1α. Immunohistochemical staining was performed using a monoclonal anti-SDF-1α antibody (MAB350; R&D Systems, Minneapolis, MN, USA) and the EnVision-HRP detection system (DakoCytomation, Carpinteria, CA, USA) according to the manufacturer's instructions. Sections (3 µm) were cut from gastric cancer tissue microarray blocks, mounted on slides treated with 3-aminopropyltriethoxysilane (APES, Sigma Chemical, St. Louis, MO, USA) and dried for 2 h at 56˚C prior to staining. The sections were deparaffinized in xylene and rehydrated in a graded alcohol series. Following antigen retrieval by heating under pressure in citrate buffer (pH 6.0) for 3 min, tissue sections were treated with 3% hydrogen peroxide for 10 min to block endogenous peroxidases. The sections were then incubated for 30 min in a humid chamber at room temperature with the anti-SDF-1α antibody (1:50) diluted in a background-reducing diluent (S0809; DakoCytomation). Slides were then incubated with EnVision reagent for 30 min, followed by 3,3'-diaminobenzidine (DAB) chromogen for 5 min, counterstained with Mayer's hematoxylin and mounted. Exclusion of the primary antibody during immunostaining was used in the negative controls, while lymphocytes of normal spleen sections served as positive controls. Immunostaining was evaluated independently by two of the authors, who were blinded to each patient's clinicopathological findings. Tumors were classified into four grades according to staining intensity (grade 0, no staining; grade 1, weak staining intensity; grade 2, moderate staining intensity; grade 3, strong staining intensity). In the case of heterogeneous sample staining, the higher score was selected if more than 50% of the cells exhibited a higher intensity of staining.
Statistical analysis. The association of SDF-1α expression with clinicopathological characteristics was assessed using the Pearson's χ 2 test or linear-by-linear associations. For analysis of the factors responsible for lymph node metastasis, a logistic regression analysis was used. P<0.05 was considered to be statistically significant. Statistical analyses were conducted using SPSS 13.0 (SPSS, Chicago, IL, USA). Fig. 1 ]. The patients were divided into two groups according to SDF-1α expression; the SDF-1α-positive group (n=59) was defined as patients with weak to strong SDF-1α expression, and the SDF-1α-negative group (n=79) was defined as patients with no SDF-1α expression. Association between SDF-1α expression and clinicopathological factors. The correlation of SDF-1α expression and clinicopathological characteristics is shown in Table I . No significant differences existed with respect to age, gender, tumor location, proportion of tumors >20 mm in size, macroscopic type, depth of invasion or histology between SDF-1α-positive and -negative groups. However, the SDF-1α-positive group was significantly correlated with lymphovascular invasion (P=0.042) and with lymph node metastasis (P=0.018).
Results
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SDF-1α expression and lymph node metastasis.
To estimate the clinical significance of various clinicopathological factors that may affect lymph node metastasis in EGC, univariate analyses were performed. As shown in Table II (Table III) .
Discussion
The prognosis for EGC is favorable following radical surgery. Lymph node metastasis is considered to be a significant prog- Table I . Clinicopathological characteristics according to SDF-1α expression. nostic factor for EGC as the 5-year survival rate of patients without lymph node metastasis is approximately 95%, whereas that of patients with metastasis is approximately 83% (7, 20) . Therefore, a number of studies have been conducted to identify predictive parameters, particularly biological markers, of lymph node metastasis in EGC. We report for the first time that SDF-1α expression in tumor cells is an independent risk factor for lymph node metastasis in EGC. However, there remains no real consensus on which patient and/or tumor characteristics are associated with lymph node metastasis (9, (21) (22) (23) .
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Recently, certain reports have demonstrated that SDF-1α expression is associated with the progression and metastasis of a number of types of cancer, including malignant glioma, esophageal carcinoma, non-small cell lung cancer and colorectal cancer (24) (25) (26) (27) (28) (29) . In gastric cancer, Ishigami et al reported that SDF-1α expression was significantly associated with lymph node metastasis, depth of invasion, lymphatic invasion, tumor diameter and higher stage. In addition, the SDF-1α-positive group showed significantly poorer surgical outcomes than the SDF-1α-negative group, suggesting SDF-1α to be an independent prognostic factor in gastric cancer (17) . Iwasa et al also showed that SDF-1α expression was significantly correlated with lymphovascular invasion and lymph node and liver metastasis in patients with intestinal-type gastric cancer (18) . These findings led to speculation that SDF-1α is a predictive marker of lymph node metastasis in EGC.
In this study, it was found that SDF-1α expression in EGC was significantly associated with lymphovascular invasion and lymph node metastasis, whereas SDF-1α expression was (Table I) . Results of the univariate analyses of risk factors for lymph node metastasis showed that lymphovascular invasion, undifferentiated histology and SDF-1α expression are risk factors in patients with EGC (Table II) . Furthermore, multivariate analyses clearly indicated that SDF-1α expression is as much an independent risk factor for lymph node metastasis as is lymphovascular invasion or undifferentiated histology. These data suggest that SDF-1α expression in tumor cells is a useful marker for the prediction of lymph node metastasis in patients with EGC.
The mechanism by which SDF-1α contributes to gastric cancer progression events, including lymph node metastasis, remains unclear. One potential explanation is that SDF-1α is involved in tumor progression in an autocrine and/or paracrine manner. The concomitant expression of SDF-1α and its receptor, CXCR4, in the same brain tumor cells has been characterized as an autocrine and/or paracrine mechanism of cancer cell stimulation, resulting in more aggressive behavior (30, 31) . Subsequently, the autocrine/paracrine mitogenic activity of SDF-1α was reported in cell lines and primary cell cultures of human glioblastoma multiforme (32, 33) . Barbieri et al also reported that the overexpression of SDF-1α promoted autocrine/paracrine cell proliferation in human pituitary tumor cells (30) . Another possible mechanism is that SDF-1α may promote tumor angiogenesis by attracting endothelial cells to the tumor microenvironment. Pathologically induced SDF-1α secretion by brain tumor cells increases the recruitment of circulating endothelial progenitors (34) . Furthermore, inhibition of the SDF-1α/CXCR4 receptor pathway reduced short-term homing and long-term engraftment of vascular progenitors, and decreased the growth of gastrointestinal tumors through the suppression of angiogenesis (35, 36) .
In conclusion, this study has demonstrated that the tumor expression of SDF-1α is an independent risk factor for lymph node metastasis in patients with EGC, suggesting that SDF-1α is a useful predictive marker. Further studies are required to elucidate the mechanisms linking SDF-1α secreted by tumor cells to gastric cancer.
